Purpose: We combined the strengths of previous patient reported studies (that is use of a validated instrument) with the assets of previous single surgeon, physician reported series (that is prospective collection of operative data) by performing a multiple surgeon study to identify demographic and operative determinants of post-prostatectomy sexual health related quality of life outcomes.
Health related quality of life in prostate cancer survivors is subject to increasing scrutiny due to improved cancer-free survival. [1] [2] [3] [4] In particular sexual health is more commonly affected after prostate cancer therapy than other health related quality of life domains. [5] [6] [7] [8] Physician reported data regarding erection recovery after prostatectomy were initially described in a few series limited to single surgeons. 9 -11 Conversely available patient reported data elicited using validated health related quality of life instruments are limited by small sample size, lack of detail on surgical technique or early post-prostatectomy followup. [5] [6] [7] [12] [13] [14] [15] [16] [17] [18] Consequently relating patient characteristics and surgical factors to longterm post-prostatectomy sexual recovery requires further characterization. Validated health related quality of life instruments facilitate such characterization by measuring outcomes via patient report, thereby, circumventing possible investigator bias, and by providing summary scores that convert qualitative information into a continuous format, which can improve statistical sensitivity to clinically relevant covariates.
We identified patient characteristics and surgical technique components that affect long-term sexual health outcome using a validated health related quality of life instrument, that is the Expanded Prostate Cancer Index Composite (EPIC), in a large cohort of men who underwent prostatectomy performed treated by 1 of several surgeons at a single, high volume referral center. 8, 19 Sexual health was concurrently measured in age matched male controls to provide a context for observed sexual functioning in patients with prostate cancer. Responses on specific elements of sexual function, including erection reliability and ability to achieve orgasm, were stratified by variables affecting long-term sexual health outcome. Our findings provide a basis for guiding long-term sexual outcome expectations based on patient age, prostate size and nerve sparing technique.
MATERIALS AND METHODS
Subjects. All 896 patients who underwent radical retropubic prostatectomy as primary therapy for localized prostate cancer between June 1, 1995 and May 31, 1999, and 142 age matched males without prostate cancer identified from a community based registry of volunteers for observational research studies were mailed an institutional review board approved, cross-sectional health related quality of life survey. Of these patients and controls 75% consented to participate, completed the EPIC questionnaire privately and returned it to anonymous research staff. Demographic characteristics of participants have been described previously. 8 Briefly, average participant age was 64 years, 86% of the patients who underwent prostatectomy and 78% of controls (NIH) SPORE  CA69568, NIH P30 CA46592-14 and NIH-R01 CA95662-01. were married, 94% of patients reported a significant relationship with a partner, and 94% of patients and 96% of controls were white. Prostate cancer was stages T1 and T2 or greater in 62% and 37% of cases, while biopsy Gleason score was 6 or less, 7 and 8 or greater in 60%, 37% and 3%, respectively.
Prostatectomy was performed using the retropubic technique described by Quinlan et al 10 with the cavernous nerves spared at surgeon discretion. Clinical factors and operative data collected prospectively included patient age, clinical stage, preoperative prostate specific antigen (PSA), neoadjuvant hormonal therapy, anesthesia type (general or regional), operative blood loss, transfusion requirement, nerve sparing technique (bilateral, unilateral, or none) and surgeon (7 urologists accrued patients into this study). Measured socioeconomic factors included race, income, marital status, a partner and education level.
Measures. Sexual health outcome was measured using the EPIC instrument by mail, as previously described. 8, 19 The 13-item EPIC sexual item set was derived by augmenting the 9-item University of California-Los Angeles prostate cancer index sexual item set with items regarding orgasm and a multi-item set regarding bother. EPIC was validated for use as a stand-alone sexual health questionnaire or as part of a multidimensional instrument (EPIC sexual summary score Cronbach's ␣ ϭ 0.95 and 0.93, test-retest correlation r ϭ 0.89 and 0.91, respectively). The EPIC sexual summary score and its function (␣ ϭ 0.92) and bother (␣ ϭ 0.84) subscales are scored from 0 to 100 with higher scores representing better sexual health.
Statistical analyses. Multivariable ANCOVA was used to test the association of demographic and perioperative factors with post-prostatectomy sexual outcome. These factors included age, followup duration (linear and quadratic terms), prostate size, preoperative serum PSA, biopsy Gleason score (2 to 6, 7 or 8 to 10), clinical stage (T1 or greater than T1), neoadjuvant hormonal therapy, transfusion requirement, blood loss, bilateral or unilateral nerve sparing, bladder neck sparing, type of anesthetic (general or regional), race, income ($30,000 or less, or greater than $30,000 yearly), significant relationship status, education (high school graduate or not) and surgeon experience. Four urologists with the lowest number of participating patients (18 or fewer on study each) were considered a single category to attain appropriate model sensitivity. This group served as the reference group for each of the other 3 urologists. In turn, each of these 3 urologists had more than 70 patients on study, and so were categorized individually. A backward model building process was used to determine the most parsimonious model. All analyses were done using commercially available software with p Ͻ0.05 considered significant.
RESULTS
The relationship of sexual health outcome to patient and operative factors was evaluated by multivariate ANCOVA, adjusting for time from prostatectomy to cross-sectional sexual outcome assessment. In order of significance independent determinants of post-prostatectomy sexual health outcome included nerve sparing technique, patient age, prostate size, time from prostatectomy to health related quality of life assessment, income and education level (table 1) . Sexual health outcome was better with a longer interval since prostatectomy from 1 to 4 years after surgery (p Ͻ0.003). The mean EPIC sexual score after prostatectomy was 28, 36, 37 and 40 in years 1 to 4 after prostatectomy, respectively. Longer time since prostatectomy was associated with improved function and bother sexual domain subscales (each p Ͻ0.01). The observed 12-point difference in EPIC sexual summary score improvement from 1 to 4 years after prostatectomy met the criteria for a clinically significant change (0.3 to 0.5 times the standard deviation) 2 but the predominant differences related to followup duration were observed in the first 2 years. Although cancer severity measures showed marginal association with sexual outcome on univariate assessments (univariate clinical stage p ϭ 0.1 and Gleason score p ϭ 0.08), they were not significant on multivariate analysis. In controls the mean EPIC sexual summary score Ϯ SD was 63 Ϯ 23 and determinants of sexual health on EPIC included age and relationship status.
The effects of age and the nerve sparing technique on tangible elements of sexual health outcome were shown in patient responses to specific EPIC survey questions (table 2) . Responses from controls are shown as a proxy of expected sexual function in the absence of prostatectomy in each age group. The effect of age and nerve sparing were consistent across multiple elements of sexual health outcome, including erection reliability, the ability to achieve orgasm and overall sexual function. Medical or mechanical erection aids were used by 47% of patients and 11% of controls. Of the patients who reported medical or mechanical therapy to assist erections 69% used sildenafil, 8% used prostaglandin urethral suppositories, 9% used intracorporal injections, 12% used vacuum pumps and 2% had a penile prosthesis. Controls used sildenafil (82%) or vacuum pumps (18%).
The negative impact of increasing prostate size on sexual function and its tendency to increase impairment postopera- tively were novel findings. To determine these deleterious effects the responses to specific EPIC items of patients who underwent bilateral nerve sparing were stratified by prostate size and age (see figure) . The modest but significant adverse effect of increasing prostate size on the ability to attain erection or orgasm postoperatively in any given age group was most profound in men with a prostate of 59 gm. or greater, which was the largest quartile of prostate size. For example, 67% of the patients younger than 64 years with a prostate of less than 38 gm. reported at least fair ability to achieve erection after prostatectomy compared with only 39% with a prostate larger than 59 gm. (parts A and B of figure) . Parts C to H of the figure show corresponding orgasm functioning, overall sexual functioning and sexual bother.
DISCUSSION
Improved recurrence-free survival of patients with prostate cancer has led to a shift in focus to decreasing treatment related morbidity. [1] [2] [3] [4] Sexual health is frequently affected after locoregional therapy for prostate cancer. [5] [6] [7] [8] [9] However, the effects of patient and surgical factors on postprostatectomy sexual health outcome have yet to be fully characterized. The few reports of a nerve sparing benefit for potency, as measured by physician report, were single surgeon series and identified only patient age as a significant covariate. 9 -11 Three previous patient reported studies using validated health related quality of life instruments showed that cavernous nerve preservation enhances post-prostatectomy sexual recovery. 13, 15, 16 However, these previous patient reported studies were limited, in that nerve sparing status was determined retrospectively and adjustment for potentially confounding covariates such as age was not performed. By combining the strengths of patient reported survey methodology, that is using a validated sexual health outcome survey instrument, with the strengths of previous physician reported sexual outcome studies, that is prospective assessment of operative and patient factors, the current study provides a comprehensive assessment of parameters associated with post-prostatectomy sexual health recovery.
Our findings extend the characterization of postprostatectomy sexual health in several respects. We noted that prostate size can be a significant independent determinant of post-prostatectomy sexual health outcome. Also, we provide further evidence regarding orgasm after radical prostatectomy. In addition, we evaluated the effect of the surgeon. Furthermore, we extended the observation that nerve sparing and younger patient age are independently associated with better sexual health outcome to methodology using a validated health related quality of life instrument, while adjusting for other factors by multivariate analysis. Our findings also confirm the previous observation that sexual health can continue to improve beyond year 1 after radical prostatectomy. 6, 9 To our knowledge the adverse effect of larger prostate size on sexual health recovery after radical prostatectomy has not been previously characterized. The figure suggests that much of the adverse prostate size effect is in the largest prostate quartile of 59 gm. or greater. This observation is relevant because large prostate size is commonly used to exclude patients from alternative interventions, such as brachytherapy. 3 A possible explanation for this effect is that more extensive dissection may be required for a large prostate to spare the cavernous nerves. Another possibility is that larger prostates may preclude optimal visualization, predisposing to unrecognized neural injury. The possibility that men with a larger prostate had worse sexual function preoperatively cannot be excluded. However, we subsequently evaluated a cohort of 264 patients with prostate cancer before prostatectomy and noted no significant association of prostate size with the baseline EPIC sexual summary score (Pearson correlation r ϭ Ϫ0.03, p ϭ 0.62).
There is a paucity of published information on the ability to attain orgasm after radical prostatectomy. 20 This lack of knowledge limits the ability to counsel patients regarding an important element of sexuality. Many patients and some physicians assume that men who are not able to attain erection cannot achieve orgasm. In contrast, we observed that after prostatectomy the ability to achieve orgasm was retained more commonly than the ability to achieve erection. These findings reiterate that erection, ejaculation and orgasm are distinct elements of sexual health. The observation that satisfactory ability to achieve orgasm can be retained even after prostatectomy in patients who lack erection may be of interest to men with prostate cancer and their physicians.
An additional novel aspect of our study design was evaluating the role of surgical expertise in sexual health outcome by including all patients from each of 7 surgeons who performed prostatectomy at our institution during the study period. This aspect extends beyond the design of previous studies that evaluated only patients of a single surgeon 9 -11, 16 or did not mention analysis of different surgeons as a discrete variable. 6, 13, 15 We did not detect an effect related to the operating surgeon in regard to sexual health outcome. The covariate adjusted mean sexual summary score was 32 after surgery by high volume surgeons to 26 for surgeons performing fewer than 15 prostatectomies yearly (p ϭ 0.48). The sample size conferred 80% power for detecting a 1 ⁄2 SD difference in sexual summary score in patients grouped by surgeon. These findings imply a similar level of competency among participating surgeons and suggest that surgical expertise cannot be measured simply by the number of such cases that a surgeon performs. A larger study may be necessary to detect surgical expertise effects on sexual outcome.
Few studies have evaluated the relationship of socioeconomic factors to post-prostatectomy sexual health outcome. 5, 6, 15 Stanford et al observed that higher education level, involvement in a relationship and race were associated with a better sexual health outcome after prostatectomy. 15 Litwin et al reported that income and race were associated with urinary outcome but did not detect an association of these factors with sexual health. 5 We noted that education and income were significantly associated with better sexual health outcome. Although education and income have been described as determinants of general or urinary health related quality of life domains by previous groups, they did not identify these factors as significantly associated with sexual health related quality of life outcome on multivariable analysis that also controlled for age and nerve sparing status. Socioeconomic factors may influence health related quality of life outcome indirectly, such as by affecting expectations, access to information and supportive care, but our study did not address these mechanisms. Socioeconomic factors merit further study as possible sexual health determinants.
This cross-sectional study is limited, in that it was administered at a single institution and baseline data on sexual health were not collected. We compensated somewhat by measuring the sexual health of age matched controls to provide a proxy of baseline function for the post-prostatectomy cohort. The lack of baseline assessment affects some of our interpretations. For example, it is possible that socioeconomic factors may not affect the recovery of sexual health after controlling for baseline impairment. Nevertheless, the fact that cross-sectional studies serve a key role in health related quality of life assessment is well established. 2 For example, our cross-sectional design provided unique insight into the adverse effects of larger prostate size on sexual recovery.
CONCLUSIONS
We observed that age, nerve sparing technique and prostate size are significant independent determinants of sexual health outcome after radical prostatectomy. When adjusting for these significant factors, post-prostatectomy sexual health outcome did not differ significantly among surgeons who performed a broad range of such procedures yearly, suggesting that surgical expertise cannot be measured simply by the number of such cases that a surgeon performs. This evidence challenges the notion that surgeon surgical case volume is the principal determinant of superior sexual health outcome. Our findings extend the observation of nerve Responses to EPIC sexual domain sample items by men who underwent bilateral nerve sparing radical prostatectomy with minimum 1-year followup, as stratified by mean age of 64 years and quartile of prostate size of less than 38 (smallest), 38 to 59 (IQR) and 59 gm. or greater (largest). A and B, ability to achieve erection. C and D, ability to achieve orgasm. E and F, ability to function sexually. G and H, level of impairment due to sexual dysfunction. sparing benefit, which has previously been reported only in single surgeon series, to a setting in which multiple surgeons were included in a study using a validated health related quality of life instrument. These data provide a basis for counseling patients on long-term post-prostatectomy sexual function expectations based on age, prostate size and nerve sparing technique by any 1 of multiple surgeons at an academic referral center.
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